The present work examined the handgrip force at different anatomical positions for both hands. Anthropometrics, handgrip force, and fatigue were obtained from a representative sample of 20 males randomly selected from the German Jordanian University students. The hand dynamometer first was calibrated with respect to the volunteer's maximal grip strength, and he was then asked to squeeze maximally until the grip force decreased to 50% of its maximal due to fatigue; this test was performed for both hands at different anatomical positions with 2 min of rest for recovery of muscle function. The results showed differences in the handgrip force between subjects of the same anatomical positions and for the different anatomical positions, differences in the time for 50% of the force maximal for both right hand and left hand, higher time required to achieve 50% of maximal handgrip force for the nondominant hand, and maximal handgrip force was obtained when arm adduction with 90 degrees forward at the elbow joint. Recommendations for future work are to measure fatigue time at different percentages, 25%, 50%, 60%, and 75% of maximal force and to investigate the factors affecting handgrip force over a larger sample.
Biomechanics is a multidisciplinary activity that requires knowledge from physical and engineering sciences, along with knowledge of biological science (Chaffin et al., 2006) . Skeletal muscle forms almost 50% of the body weight and consists of muscle fibers, connective tissue, and nerve elements. An average human muscle fiber is 5 cm long at rest and .5 mm in diameter, and muscles can contract isometrically (muscle generates force without changing its length, e.g., the muscles of the hand as they generate sufficient force to prevent an object from being dropped) or isotonically (constant internal force is produced and the muscle shortens).
Therapists, physicians, engineers, and coaches are interested in hand strength measurement as it establishes the baseline from which they assess their treatment, designing the hand and in evaluation of athletics performance. Muscle strength is important for success in many sports and games, an element of motor performance and health and fitness status (Armstrong et al., 1982; Trombly, 1983; Mayer et al., 1985; Kirkendall et al., 1987) , and a mechanism by which to identify safety and jobs demands (Deborah, 2005; Chaffin et al., 2006) .
The measurement of handgrip strength for any person gives an assessment of his or her musculature. The average person's handgrip strength correlates moderately highly with total strength of 22 muscles of the body when training programs are designed (DeVries, 1980) .This is an indication of the importance of handgrip strength measurements.
Several researchers have used different techniques, including electromyography, dynamometers, Jackson evaluation system, isokinetic dynamometers, and force plates to measure muscle strength (Quaine & Vigouroux, 2004; Liu et al., 2003; Kawakami et al., 2000; Blackwell et al., 1999) . The isokinetic dynamometers were used to examine the hamstring and quadriceps muscles for karate practitioners (Al-Kilani et al., 1993) . The dynamometers and Jackson evaluation system were used to measure handgrip force and the strength of different body segments (Al-Kurdi, 1994 , 1995 Qassem et al., 1996. The strength measurement of handgrip has been studied by several researchers (Baumgartner & Jackson, 1987; Shephard et al., 1991; Loughery & Jackson, 1991; Bohannon, 2001; Matos et al., 2007; Schlüssel et al., 2008) . The coal miner's handgrip is 40% greater than physical fit students (Baumgartner and Jackson, 1987) . Handgrip strength increased with age and significantly decreased after 40 and 50 years old for women and men (Schlüssel et al., 2008) . Elderly subjects presenting less hand muscle fatigue resistance and weaker grip strength were reported by Bautmans et al. (2007) . Maximal voluntary handgrip strength is considered a reliable tool in nutritional assessment (Schlüssel et al., 2008) . Other researchers reported that handgrip strength may be a good predictor of body cell mass depletion, surgery complications, and mortality (Guo et al., 1996; Humphreys et al., 2002; Wang et al., 2005; Alvares-da-Silva & Reverbel da Silveira, 2005) .
A simple hydraulic hand dynamometer was also used to assess the handgrip force before and after general anesthesia.
Muscle fatigue is defined as an exercise-induced reduction in the maximal force capacity of muscle (Gandevia, 2001 ). The intense use of muscles that leads to a decline in performance is known as fatigue (Allen et al., 1995) . Muscle fatigue depends on the type and intensity of exercise, the specific muscle groups involved, and the physical environment in which the activity occurs. Characteristic of muscle fatigue include reduction in muscle force production capability and shortening velocity, as well as prolonged relaxation of motor units between recruitment (Allen et al., 1995) .
The handgrip force and fatigue relationship has been studied by several researchers (Quaine & Vigouroux, 2004; Khweileh & Al-Kurdi, 2008) . Differences between handgrip muscular force and fatigue were examined and showed that a time period of 60 s was not adequate to achieve high levels of fatigue (Khweileh & Al-Kurdi, 2008 ). Although the above researchers studied the relationship between the handgrip force and fatigue, none of them studied the handgrip force at different anatomical positions.
The assessment of upper limb fatigue based on the force change index was examined and the results showed the index can be applied for fatigue assessment (RomanLiu et al., 2005) . No gender difference was found in the fatigability of the forearm muscles during intermittent submaximal handgrip contractions, independent of muscle strength (Gonzales & Scheuermann, 2007) .
Therefore, this study aims to 1. Measure the maximum handgrip strength at different anatomical positions and 50% fatigue using grip force transducer and power laboratory attached to the computer. 2. Examine the relationship between the handgrip strength and fatigue at different anatomical positions. 3. Examine some properties of muscle fatigue.
4. Determine the main effect of the different anatomical positions on handgrip force.
Methods
Data were obtained from a representative sample of 20 males randomly selected from the German Jordanian University students. The students were instructed to self-adjust the dynamometer so that it fit comfortably to their hand in order to obtain their best performance. Before data collection, each student conducted a trial to get familiar with instrument and procedures. Handgrip force was measured using a grip force transducer. The hand dynamometer first was calibrated with respect to the volunteer's maximal grip strength ( Figure 1) . The drag over the largest response was performed to select a range of data that includes both the relaxed and maximum force signal, the volunteer was then asked to squeeze maximally until the grip force decreased to 50% of its maximum due to fatigue, as this is the most valid test in isometric submaximal contractions (Staszkiewicz et al., 2002) . This test was performed for both hands at different anatomical position with 2 min of rest for recovery of muscle function. The decline in maximal force during a sustained contraction was observed. Figure 2 shows selection of trace for calibrating to relative strength and units conversion dialog with relaxed signal selected and fatiguing contraction.
Results
In this study, seven anatomical positions were studied (Table 1) , and anthropometric data of the 20 subjects were collected (Table 2 ). Handgrip forces in both sides (dominant and nondominant) were recorded (Tables 3 and 4) using grip force transducers attached to a power laboratory and a computer screen, for different anatomical positions. The decline in maximum handgrip force during sustained contraction was observed and properties of muscle fatigue were examined (Figure 3 ). In addition to this, an ANOVA was used to determine the main effect of the different positions on handgrip force (Tables 5 and 6 ).
Discussion
The handgrips of both hands were measured. Table 3 shows variations in both the right handgrip force and time required for the force to decrease to 50% of its maximum between the subjects and also between the grip forces at different anatomical positions. The maximal handgrip force was between 247 and 308 N.
Table 3 also shows that the maximal force was produced at Anatomical Position 2 and the minimum force was produced at the Anatomical Position 7. From mechanical point of view, one would expect such results when the arm is adducted with 90 degrees forward at elbow joint Position 2, as in this position more actin cross-bridges occur than in Position 7. Table 4 shows ranges of the values of both the left handgrip force and time required for 50% of its maximal value between the subjects and for the different anatomical positions. The maximal force was between 236 and 290 N. Table 4 also shows that the maximal force was produced at Position 1 when the arm was adducted with 180 degrees at elbow joint, and the minimal force is obtained Max.
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Max. Tables 3 and 4 show the fatigue time for both left-hand and right-hand force to reach to 50% of the maximum, which varies between 26.0 and 35.4 s for the right hand and from 23.2 to 40.9 s for the left hand.
The above variations in the values of handgrip force shows higher values in the force for the right hand .Time required for fatigue production could be due to abnormalities of actin, which are responsible for reducing contraction rate and decreasing force development (Karsanov et al., 2001) .When a muscle is stretched and no overlap between the actin and myosin, little tension is produced, and when a muscle is shortened, overlap would occur and tension will increase (Ismail, 2008) . Figure 4 , Panels a and b, demonstrate such overlap mechanism.
The properties of the muscle fatigue were examined; the maximal force values and fatigue time are plotted for all subjects.
Figures 5 through 8 demonstrate the pattern of the handgrip force for both the left hand, when arm adduction with 90 degrees forward at elbow, and the right hand, when arm adduction with 90 degrees forward at elbow); handgrip force for the left hand when arm abduction with 180 degrees at shoulder joint and 90 degrees at elbow joint; and handgrip force for the right hand when arm abduction with 180 degrees at shoulder joint and 90 degrees at elbow joint.
The grip force in patients with chronic tennis elbow was markedly reduced at the pathological side, but there was also a striking reduction of the grip force at the pathological side when the grip force was measured with a straight elbow, compared with the standard position of 90 degrees flexion (De Smet & Fabry, 1997) . This reduction was highly significant at the pathological side but not at the normal, control side.
This result indicates that handgrip force with 90 degrees forward at elbow is higher than with a straight elbow; such a result is consistent with the results obtained in this study.
A predictive equation was developed to expresses the maximum force of the handgrip in relation to upperlimb posture and gender, and such an equation is valuable especially in establishing norm values (Roman-Liu, 2003) . Muscle force is generated by myosin cross-bridges interacting with actin. As estimated from stiffness and equatorial X-ray diffraction of muscle and muscle fibers, most myosin cross-bridges are attached to actin during isometric contraction (Bershitsky et al., 1997) .
The main effect of the different anatomical positions on handgrip force was examined using ANOVA. Table 5 shows the descriptive means of the different anatomical positions, and Table 6 shows no significant difference between the different anatomical positions (p = .332).
In summary, a measurement protocol involving grip force transducers attached to a power laboratory and computer screen was used to assess the biomechanical effect of different anatomical position on handgrip force and also the effect of time for producing 50% of the force maximum. The obtained data and its analysis showed differences in the handgrip force between subjects of the same anatomical positions and for the different anatomical positions, and also differences in the time for 50% of the force maximum for both right hand and left hand. In addition to this, higher time required to achieve 50% of maximal handgrip force for the nondominant hand was observed and maximal handgrip force was obtained when arm adduction with 90 degrees forward at elbow joint. The researchers recommend the following to be done in future research.
Evaluate the handgrip force in a larger sample for different anatomical positions for both male and females of different age groups. Measure fatigue time at different percentages, 25%, 50%, 60%, 75%, of maximal force. Investigate factors affecting handgrip force (actin and myosin, anthropometric parameters, nutrition). Use statistical analysis with regression to determine the variables affecting grip force.
